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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a negative electrode material for a lithium secondary 
battery that has superior rate characteristics and a negative electrode using this negative 
electrode material, and a lithium secondary battery. 

SOLUTION: These are a graphite system negative electrode material used for a lithium 
secondary battery and satisfies the following (a) to (e), and a negative electrode and a 
secondary battery: (a) the spacing d002 of the (002) face measured by the X-ray diffraction 
method is 0.34 nm or less, (b) the crystallite size La in the a-axial direction is 100 nm or more, 
(c) the true density pmeasured by helium is 2.24 g/ml-2.26 g/ml, (d) the immersion liquid 
specific gravity D measured by n-butanol is 2.15-2.24, and (e) the aspect ratio (ratio of the 
short diameter to the long diameter of the particle) is 1-3. 
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(57) mm 

(a) xm®ftmzj:r)fflfei,f Z iQM)m<D'mr$m do 02 

#0. 34nmJ^T, (b) att^ifijOBBf ij-f X : La^lOOnm 
«Jt; (c)^U*A^cfc0»^Ufc*«K: p**2. 24g/m 
1-2. 26g/mL (d)n-y^y-;KCct 0 WftUfcSHKJfc 
« : D#2. 15-2. 24, £ £tf (e) h it (fe^co^ 

S|Z*fT«)fig(OJt) #1-3. 



(a) X»H«tttCctO«fiLfc(002)B©ffiWI!SI : doo2 
HfifL 34nmJ£TF, (b) a W^rtJOttJi^U-f X : La^lOOnm 
BUt, (cl^U^A^cfcOJIljeLfcHBK: prt*2.24g/« 
1-2. 26g/mK (d) n-^ / -JVC J: 0 ffi£ Lfc»*tt 
S : Drt<2. 15-2. 24, *5cfctf(e) hit (fi^Og 

glziMTSggOtt:) #1-3, 

2 ] if #3£[ 1 KB*<0ft««." tSItft^ 

A**fc/ttfflT*ft«*«*& U A-**»(3^ 

T. (a) X«p«fe^<tO»l5Ebfc(002)ffi<7)ffiP B 1HS : d 
ooz^O. 34nm£JLT, (b) a fcWftCDj^ilTIM X : La^lO 
0nmJ£*±, (c)^U9A^<fc0jH«L>fc*?BK : P rt*2. 24 
g/ml-2. 26g/ml, (d) n-~7& S -)V\z£DMJ£l,fzS:m 
ItM : D**2. 15-2. 24, l$J:Zt (e) h it (&^<D 

£?7&;T£>^T, (a) xmiE\m&\zl:K)®\fe Ufe(002)ffi 
coMPpIPI : do 0 2^0. 34nmJ^T, (b) a tt:5Ifi]C0j|Sj|^•i^ 
-'f X : LaTWOOmnfiUi, (c)'nU S AClcfc 0»t LtcMB 

p#2. 24g/ml — 2. 26g/ml, (d) n-^^ / — )V\Z£ 0 
■UEUfcSWt* : D^2. 15-2. 24, &£ZMe) 7X^^ 
hit (ft^(Ogg^»r<&ftg<OJt) rt*1~3T***MB 

[0 0 0 1 ] 
[0 0 0 2] 

So uf-^AH mmz-$-xz>&wfr'>u<iz± 
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[0 0 0 31 «e*OASM^»J^^A-^S»«, AS 

l^oajsJcttLiCetttO, ^oaj&3ttt«Satt372Ah/kg 
£ ffl V> £ m& \Z \* , ^»m^fi £ 400Ah/kg«± <h T 5 Z 

[0004] <%ek i^0«»fflif«s^«ffl^n, 
% u- hftmzmtitztimt&sb 6nt^*. 

[0 0 0 5] 

»tt(3«nfcU^^A=i^:«ftftffiffl«». coftftW 
[0 0 0 6] 

[0 0 0 7] EPS, *58W** TIBOftStt, fti^J: 

1.. U^^A— *«»HfflV^^«B*ft««T*oT, 
TI5 CO (a) - (e) &ffifzTC £ *»*itS U 

it? (a) X^lHj^TfeiCct 0SS3£Lfc (002)ffiOffiWRS : dooz 
^0. 34nm£TF\ (b) aWJjfiHOl&tktt'f X : La^lOOnm 
OJ:, (c)^U9A(CJ;OW3eLfc<KB«: p*<2.24g/m 
1-2. 25g/mL (d)n-^y-;U{3«tO»JSUfcS«Jt . 
8:0^2.15-2.24, *5 J:^ (e) 7X^ h it (fe^^M 
&\ZttTZ&&<Dlt) ^1-3o 

3. -fe/^U— ^— , iEffi^cfc^U^^A^rRK 
/tttBT*ft«*«/LfcU5:9A-*«»JCi3^T, ft 

4. U?-^A-*:«afflflMB*ft««0«ifi*ttT»^ 

^Ig, *«fc«(D)»6nfclMB*»»(C*^T, (a) 
X«EI«ttl3ctOai5eUfc(002)ffi(OffiPiBHi : dooz^O. 

• 34ntnJ^T, (b) aU^MOttH^X : La^lOOnmW 
±, (c)^»J^AH«fcOWSL,fcWjBK : P^2. 24g/ml 

50 -2. 26g/ml, (d)n-^y-)MZJ:0W5EUfc*iSlt 



-2- 



3 

S : Dri*2. 15-2. 24. &J:Zfi (el TTs^Z bit (ft^OJa 

$>t>T, (a) Xj^lH]&T^^J:0®ISU^:(002)ffiO®p a 1 
RS : do 0 2 7W). 34nraJ^T, (b) a *fc£ftO*gilT-+M' X : 
La^100nmJ^±, (cKU ^AC^OI^LJtRig : p 
*>t2. 24g/ml-2. 26g/mK (d) / J: 99J£ U 
fcgi&fctB : D#2. 15-2. 24, le) hit 

[0 0 0 8] 

(a) X^lHj^fffi^cfcO^I^Lx^tOO^SCDffir^Bi : do 02 
a*0. 34nm£TF, (b) att^[RlOgiW<X : La^lOOnm 
K*±, (c)^U^Al;:J:9$j£L£3C£& : p*t2. 24g/m 
1-2- 26g/mL S-MzJ:K)®\feLfzm&tt 
M. : Dri*2. 15-2. 24, £><fctf (e) 77^^ h It OfeTOM 

CO 0 0 9] *^CDJM£*m, X^IhI^t^^J: 

0MfeL>fcm2)ffi<DWmm : doo2?^ MSO. 34nmJ£TF 
g^T'&rK »£L<teO. 3354-0. 338nrag^T^-5o 

doo2^^^r^^^^^n, is)«i^b^fnT< 

[0 0 10] ^^CDiMI^te, af&Jjfa<Dl£g&T-y-1 
X:La?^ jI^100nm^±gg£T$>D, £?£L<te150nni 

^±*i^t$><5 0 ia<Dm(D±.m*, mzfcmznu^ 

fzMmm: pf)K it^2. 24g/ml-2. 26g/mlgJgT&CK 
B£L<m. 25-2. 26g/mlfI&T$>£ 0 prtVjN£T^£ 
m^iZlZ, I^S B H B f-^^U ^A^Jt^T^^C-^^a: 

[0 0 12] *%h^o^^^^^ n-y^y-;Kicto^l 
3eUfc*«Jta:D^ 2. 15-2. 24ganr*?K »S U 
< ttZ. 18-2. 22gffiT*-5. D^*#'T«f*»'fr*Ctt, 
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H, U-M#tt^fi<tt*^-€-n^»^. Ktt\z. D/h 

[0 0 13] ^^©M«07X^^7 hit (tt^COg 

<lil-2ggT*0, J:0»*U<tt1-1--S«§rr* 
7X^^7 b Z£\,*?ZL£\** &^J£# 

10 blWC^:^ : t ^Ift LTl^o JH¥ttH 

[0 0 14] *58W<D*Mf»»0»J6*tttt, KtKT 

*<> sit, #jaa^^iiTKwr*. 

[0 0 15] 5tr. fflBK»*»fcfflW;:«TS. 

[0 0 16] HlSEK^^frt^b!^^ 1 ©^**^, 
~30m*«effT*O, »£L<te15-25S»g8fIgT? 

hit^#<^or^^>*5 j en^*^o *r^rs«^«i 

50 [0 0 17] JU5BlR»ll*»*J!ll»<D«#*tt, &\Zffl 
T, ii#20-100Mt«5ga^ »*L<tt25~100a*ffl 

e»tt^fiTr***n^»*. &T€z>m^\z\z, * 
[0018] aj«s»t^tt^3-i7^<z>$wsti, w 

MLT, M*0-80mS^^K, L < &0-75SfigB 

[0 0 19] MCPBCTWlTfeJ: 
10-30um^S. »*L<ttl5-20tfBa«T»*. 

[0020]' ^{b^s (^Fffi>fb«isi) tt, aawc if©K<t 
50 *B»+l3*^TfT5. KMI^iMij:, ffiieiSC 
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Ktfi* a*150-350t:eS, #£L<te200-300 t Cflg 

[0 0 2 1 ] jHUUEii, URK»£«**i**ci& 
[0022] Aarnnii. ttnim£Kft3i»c&^ 

g> »*L<tt1.5^2.5WI«S*T*S. ±I2«Bffitf 
[0 0 2 3 ] ^t^> tfHb»Ww«T*>. K<fcffl31«, S 
SET**. #»3M6*«*r#*«*»ctt. ftttlcttMA 

[0024] fiiaaitt, «fls-e*«H0»tMiH*n 

ftv^ attttOOO-IIOirCglt, »*L<«1000-1050 

mmtettn&m i^KW^Btft 0 , era 

[0 0 2 5] fflM8^«»T*RHWWt. »ftT€^>IS 
[0 0 2 6 ] JMBft«M*i«r-6. JMBflSfflS 

[0 0 2 7 ] ASBfta/ SftftTfrSHOftKIMRS 
■CeLtgSrcftO. <£D»£L< te2800-300(TCggT 

[0028] «»wrran, gk®itTZz>m.omz%m2 
[0029] »6nfcA«#tt, *b*i*i;t*»ut 

fc«fcn. **tt* ft«»O¥^tt«**p*10-30amS 
AC. »*L<tt15-20Mma*itt«>*"Ctf Atfck^. 
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[0 0 3 0] **WT»4, UfC[Ar*tftJlftWi: 

\ZlsT&£>tl1t&Mtt\Z&\f*T* (a) XJiHftttfciO 
WEbfe (0021 BOffilBHi : dooirt*0. 34iw£tT, (b) a 
IfcfrflOlW^MX : La^lOOiaEUi. (c) 'MJ Vl±\z 
£K>mfeVrznmm : prt*2. 24g/ml~2. 26g/mL (d)n- 
^/-;HiJ:0«jeUfc»iRit» : 0^2. 15-2. 24> 

*>£tf(e)7x^ hit (tt¥©fifffc»T*ftaa> 

[0 0 3 1 ] Sfc, *5B*^tt, 'U^^A— 

^^^sw^^m-r^^ffiT^^T, (a) x&mvtmz 

«fcO*3EUfc(002)BScoBP<IIH : dooift'O. 34nm^T, 
(b) att;tFfa©fca^lMX : La*M00nmK±, (c) 'Ml 
£AK«fcgW£LfcJ*«K : p^2. 24g/ml-2. 26g/nL 

(d) ; -)v\z&vmmi>izm%Lttm : d#2. 15-2. 

24. ^tMeJTX^ hit («^<pgg^»T^fig 
20 <DJt) M— 3T*SK*»»*U?"?Az:^«»fflflie 

^lc^ffi-C#^o IB (a) - (e) fl)*fr t±T«fc tK* 
[0 0 3 2 ] ^XHOAfiKACtttt. «ttfcJ:0, u 

[0 0 3 3 ] ftSlf*ij:, #(l»J^^n-T, i^iir-. ? 
fcrt*T**. 

[0 0 3 4] ^NCffll^WiMtlTH W*. 
N-/^;i/t!P'J HXN-me thy I pyrrol i done: NMP) 

oomss&gKT&So 

[0 0 3 5] ^-7 HcffiV^/H^-tUTH #J 
# U 7 ^{fctf— U x> (polyvinyl i dene fluorici 
e: PVDFK # U x h 7 7WOXfl/>f; £*«»"rs 

50 ss. »*u<tt5a*««±eKT»*. aw>^- 
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©«£«<0±«n, B»*ftB»ioom»«K»u-c\ 

[0 0 3 6] ^-XKOHR^SH WcfHBSfrJ", 

[0 0 3 8] *56W©ft««t*«««tt*^, &X 

~15mg/cm 2 *§^ »*b< «7—13mg/cm 2 effT*-5, 

[0 0 3 9] *KW0ftf "JAr*!* 
fflftg^^^CtiaO, *ttBS»a***<, to MB 
&*sftiffi (,> y ^tf Az:;fcm»*:Barr* d <k#T**. 

fflnc:t^Tt5. lEfitt. WxH IE@3im#> IE 
S?£#jf5, BB»Jft£**^lrV*.^ jEBBBfft u 
T, Myitis 7^5-«5AttifS«Sr-5ilt^T* 
^>o IE&f£#jf5£ IT, #J*_tf, LiCoOz, L i N i O2 . LiMn 

[0041] sflitttt, mzprnzn-f. 'Aftohoz 

Ttt, WAtf, LiPFe, L i C 1 04 . LiBF<u Li AsFe , LiSb 
Fs, LiAI04, LiAICU, LiCL Li I U:X ^ 

7 U ^9AB£«jRT£ Z tfr~C^ 

K xfl/y^-^^- h (ethylene carbonate: EC) > 
yx^;i/*- h (dimethyl carbonate: DMC) , 7 
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#iiTI^Tt)J:<» Xtt2«BjaJt©B£*fcil/r 

[0042] -t/^u-^-tt, WKWHsnr, atto 

tt, **L»^J:/bh:u>B*«ffi, ^JLBtfUx^U 
[0 0 4 3] U^C7A-*«»tt, *5ew©ftfi#t$ 

[0 0 4 4] U^^A-^Bft^Bjfi^ffitt. 
[0 0 4 5] 

[oo4 6] ^TOftitm u^^A-*mteffl 

[0 0 4 7 ] 

mmwi sir. *&w<onmm$:tt&mtmzmtf, 

[0-0 4 8 ] doozte, XBj£«l3*rifcrt»Sf»Sn*/ , « 

^^-^T*^ (oo»H©HMB**-r. La^ea^it 

;£r£ 1 963 [36) , 25) \Z£K>mfeL 

/cfl^^To -N'J^AtCctDBSLfcXftflC: plio^ 

Tit 3.yit7-r^-x/7xis[(7)^>^h 0 ^y ^— ^{ict 

ItS : DC9^TH B *X^«fe(7)J IS R 7212(Cgo' 

ffi]Ri;g«i*ifi]0fi$sfnfnA, BtitttiiA 
sb-? waBTffijEaxfcBTuee^ sit* t # cd 

DBftLfc. *tt«Ttt, JEOLKHELOS SYSTEMSrffl^T 

v<'i Ac / ^- o 

[0 0 4 9 ] l^te^J 1 
AjSH^ (Timca I AGKSFG-44) 20SM^ 

S15--20iLtintC^:*ct^»3»»Lfc. ^^^300 
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SSrfTofc. tom.. ¥^&&15~20uin£:te-5J:5t;: 

[0 0 5 0] ±Bft**f*JBV»T.. HffiSr&i&Lfc. jfc 
f. ±Eft*«30gt/X-f (PVDF) OTNMP#85:&£ € 

*»C*#b^-Xh«KLfc. PVDFti. MS 

h^S?S±{riOing/ciii J <De^St*^U. eSTS^t 

[oo5i] ^€.nfcftffi*ffl^T*ffi»«ffl-t;i'*ifi 

T&JK'J^A, «#ffiibT Imol/IODLiPFe-EC/DMC 
(#«Jt1:1) £&JBU t/^-^tl/tfUi'DD 



* coism?fS«:2c«at u/t. 
[0052] i i^-r. 3? i ictt. sgyrrfctt 

&0tJ 1 ~ 3 T#£.nfcjg&£#h*T^-t. 
OfctJtftJl) 2500rTHm^31Lfe«^«. «6{*Jl 
irottHcUTJUHmfcBISLfc. ftttfl 1 tn*C. 

£. 

Lfc. 

0fc««3> Ui^If4tUT. Ai§H& CTimcal AGKS 
FG-44) 20BSSB, n-^X3OmSg?*3«t^tf-y^50S 

20 [ 0 0 5 3 ] 
[*1 ] 





dora 

(run) 


La 
dun) 


0 

(g/ml) 


D 


it 


0.2C 
(Ah/kg) 


2C ^« 

(Ah/kg) 


2C#S 
/0.2C^fi 
(%) 




0.336 


>100 


2.25 


2.20 


2—3 


355 


321 


90.4 




0.338 


58 


2.23 


2.15 


2—3 


295 


213 


72.3 




0.336 


>100 


2.26 


2.24 


4—6 


353 


240 


68.0 


j ittt«3 


0.336 


>100 


2.24 


2.09 


2—3 


319 


289 


90.5 



[0 0 5 4] SlU^te**^, *5B*|-j:s<lS*J 
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F^-A(iMl-) 4G046 EAOO EA01 EA02 EB01 EC05 
EC06 

5H029 AJ02 AK03 AL07 AM03 AM04 

AM05 AM07 CJ02 CJ08 CJ22 

DJ16 DJ17 HJ05 HJ08 HJ13 

5H050 AA02 BA17 CA08 CA09 CB08 

FA17 FA19 GA02 GA10 HA05 
HA08 HA13 
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